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Description 

The present invention relates to implantable medi- 
cal devices and. in particular, to a programmable defi- 
brillator capable of delivering a configurable biphase 
waveform. 

Implantable defibrillators use truncated exponential 
waveforms to def forillate the heart. The earliest devices 
used monophasic waveforms. More recent clinical 
investigations have evaluated the increased effective- 
ness of biphasic waveforms. See Troup, Implantable 
Cardioverters and Defibrillators, Current Problems in 
Cardiology. Volume XIV. Number 12, December 1989. 
pages 729-744. Some investigators have even recom- 
mended the use of triphasic waveforms as the most 
effective waveform for defibrillating a heart. See U.S. 
Patent 4.637.397 issued to Jones and Jones on Janu- 
ary 20. 1987. 

As described by Troup, monophasic waveforms are 
typically produced using silicon controlled rectifier 
(SCR) technology that truncates the pulse by "dumping" 
the energy on the defibrillator capacitor. This leaves no 
energy available on the capacitor for producing mul- 
tiphasic waveforms. 

As further described by Troup, there have been two 
methods available for truncation of a monophasic defi- 
brillation waveform. According to one method, pulse 
truncation is accomplished by comparing the capacitor 
voltage to a reference voltage which is usually chosen 
as a function of the waveform leading edge voltage. The 
result is a defibrillation pulse with a constant ratio of 
trailing edge to leading edge voltage, or a "constant tilt" 
pulse. 

Defibrillation pulse "tilt", described as percent tilt, is 
defined as follows: 

% Tilt = 100(1 -(Vf/Vj)] 

where V f is the trailing edge voltage of the pulse and V, 
is the leading edge voltage. 

According to the second method, the defibrillation 
pulse is truncated by a timing circuit so that the puise 
duration is constant. 

Biphasic waveform generators have used MOS 
switches to produce the defibrillator output. The MOS 
switch technique is better suited to multiphasic wave- 
forms since the defibrillator capacitor does not need to 
be "dumped" to truncate the pulse. 

Prior art biphasic waveforms have been program- 
mable in terms of pulse duration. The disadvantage of 
programming biphasic waveforms in terms of duration 
can be seen in Fig. 1 . Panel 1 of Fig. 1 shows a conven- 
tional biphasic waveform with a 50 ohm load. Panel 2 
shows a conventional biphasic waveform with the same 
duration of phases with a 25 ohm load. With a 50 ohm 
load, there is adequate residual voltage to produce an 
effective negative phase of the biphasic waveform. 
However, at the same puise durations, with a 25 ohm 
load, the voltage during the positive phase has decayed 



to the point where very little is left for the negative 
phase. 

While it is possible to select optimal pulse durations 
for a given patient impedance, the patient impedance 

5 may change. In particular, for higher defibrillation volt- 
ages, the patient impedance is lower. In addition, over 
time, the lead impedance may increase due to the build- 
up of scar tissue. 

Due to their small size and battery operation, 

10 implantable defibrillators have limited output energy 
capability. It is not unusual for an implantable defibrilla- 
tor to have only slightly more output capability than is 
required to def brillate a patient This lack of safety mar- 
gin makes it ail the more important that the output 

is energy that is available is used in the most effective 
manner. While biphasic waveforms are a step in the 
right direction, the optimal settings for the positive and 
negative phase durations have not been addressed in 
the prior art 

20 US- A- 4,850,357 issued to Stanley M. Bach, Jr. on 
July 25. 1989, discloses a circuit for generating a bipha- 
sic defibrillation waveform wherein both the positive and 
negative phases have constant tilt. However, the Bach, 
Jr. defibrillator generates a biphasic waveform having 

25 fixed characteristics. That is, only a single type of wave- 
form can be delivered that has a first positive pulse hav- 
ing a specified constant tilt and a second negative pulse 
also having a specified constant tilt. Thus, the Back defi- 
brillator circuit provides none of the therapeutic flexibility 

30 that is desirable in restoring rhythm to a f ibriilating heart. 
EP-A-0 280 526 discloses an implantable defibrilla- 
tor capable of producing a biphasic def formation wave- 
form upon detection of fbrillation for application to a 
heart to provide electrical shock to the ventricles 

35 thereof. 

US-A-4 800 883 discloses a defibrillator which is 
useful in implantable, automatic cardioversion systems. 
It is designed to generate multiphasic defibrillation pulse 
waveform in response to sensed fibrillation. 

40 EP-A-0 326 290 discloses an implantable defibrilla- 
tor capable of supplying asymmetric biphasic exponen- 
tial pulses to a heart, wherein the second phase has a 
start amplitude of substantially one half of that of the 
first phase, but of reversed sign. 

45 The object of the present invention is to provide a 
microprocessor controlled output stage that allows for 
greater flexibility than has been available in defining a 
biphasic defibrillation waveform. 

This object is achieved in an implantable medical 

so device according to the preamble of the independent 
claim by the features of the characterizing part thereof. 
Embodiments of the invention are claimed in the 
dependent claims. 

In accordance with an aspect of the invention, the 

55 biphasic waveform generator may be programmed to 
provide either positive and negative phases having 
selected constant tilt or a positive phase having a 
selected constant tilt and a negative phase having a 
duration that is related to the duration of the positive 
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phase. The disclosed apparatus can also produce con- 
ventional multiphasic waveforms, rf desired. 

A better understanding of the features and advan- 
tages of the present invention will be obtained by refer- 
ence to the following detailed description and s 
accompanying drawings which set forth an illustrative 
embodiment in which the principles of the invention are 
utilized. In the drawings: 

Figure 1 provides a comparison between prior art 
biphasic waveforms and configurable biphasic 
waveforms generated in accordance with the 
present invention; 

Figure 2 is a block diagram illustrating an embodi- 
ment of an apparatus for generating a configurable, 
biphasic waveform in accordance with the present 
invention; 

Figure 3 is a flow chart of a method for producing a 
biphasic waveform having selected constant posi- 
tive and negative tilts; and 
Figure 4 is a flow chart of a method for producing a 
biphase waveform with a selected constant tilt pos- 
itive phase and a negative phase the duration of 
which is related to the duration of the measured 
positive phase duration. 

The invention ts directed to programmable control 
circuitry for an implantable defibrillator output stage that 
generates biphasic defibrillation waveforms having 
selected constant tilt. In the disclosed embodiment, the 
defibrillator has an on-board microprocessor and the 
control circuitry acts as a peripheral to the microproces- 
sor. 

With a biphasic waveform, where both phases have 
constant t'H sufficient voltage for the negative phase is 
assured, as shown in panels 3 and 4 of Fig. t. Panel 3 
shows a constant tilt biphasic waveform with a 50 ohm 
load. Panei 4 shows a biphasic waveform with the same 
constant tilt with a 25 ohm load. The initial voltage on 
the biphasic waveform generated by the apparatus of 
the invention is the same in both cases. With the inven- 
tive apparatus, the amount of tilt in each phase is inde- 
pendently programmable. Since J = 0.5 * C (Vj 2 - 
V f 2 ) ; constant tilt can also be expressed as constant 
energy where the energy is independent, to some 
extent, from the initial voltage. 

With a multiphase constant tilt defibrillation wave- 
form, the curation of each phase of the waveform is 
dependant upon the patient impedance. Some studies 
(Tang, et aJ. Ventricular Defibrillation Using Biphasic 
Waveforms: The Importance of Phasic Duration, JACC 
Vol. 13, No 1, January 1989) support the idea that the 
relative durations of the phases of a biphasic waveform 
are important in determining its efficacy. Therefore, it is 
desirable to be able to measure the duration of the first, 
constant lift phase of a biphasic waveform and then set 
the negative phase duration to some percentage of the 
measured positive phase duration. This is a further 



capability of the disclosed apparatus, thus providing the 
ability to optimize multiphasic waveform durations. 

Referring to Fig. 2, in the illustrated embodiment of 
the invention, a control system is used which comprises 
functional modules and addresses that the microproc- 
essor can read or write. 

Fig. 3 is a flow diagram that will be used in conjunc- 
tion with the Fig. 2 block diagram to describe how a 
biphasic waveform having selected constant tilt positive 
and negative pulses can be generated. 

Referring to Figs. 2 and 3 at step 300 of the fig. 3 
flowchart, the microprocessor decides that a defolia- 
tion output is necessary. This could be due to the auto- 
matic detection of f brillation by the device, or due to an 
external command from the physician, or due to any 
other reason. 

Before a pulse can be delivered, energy must be 
stored on the def brillation capacitor 200 (Fig. 2), which 
typically has a value of about 150 microfarads. 

At step 31 0. the microprocessor addresses the high 
voltage converter 210 to command it to start charging 
the defibrillation capacitor 200 to a selected voltage 
(address "select HV" 212). 

At step 312. the microprocessor starts a polling 
loop by reading "EOC" 214. "EOC" is the "end-of-con- 
vert" signal from the high voltage converter 210 and sig- 
nifies that the converter has finished charging the 
capacitor 200 to the selected initial voltage. After read- 
ing "EOC" at step 312, the microprocessor determines 
if the initial high voltage is ready at step 314. 

If the initial high voltage is not ready, then the micro- 
processor loops back to step 312. In some implementa- 
tions it may be desirable for the microprocessor to 
attend to other tasks or to be disabled for periods to 
conserve current during polling loops. If, at step 31 4, the 
microprocessor finds that the defibrillator capacitor 200 
is charged to the selected initial voltage, then the defi- 
brillation system is prepared for delivery of a positive 
pulse. 

The pulse width of the positive pulse is determined 
by the length of time required for the defibrillator capac- 
itor to decay to a selected decay voltage. If. in this illus- 
trative example, the selected peak voltage is 500 vorts, 
then 200 volts would be a reasonable decay voltage for 
the trailing edge voltage of the positive pulse to assure 
an effective negative phase (a trailing edge voltage of 
100 volts for the negative phase will be used for this 
example). 

At step 316, the microprocessor manipulates the 
controls of two multiplexers 212 and 214 to set the out- 
put stage to terminate the positive pulse when the 
selected trailing edge is detected on the defibrillation 
capacitor 200. Multiplexer 212 selects the signal flow to 
either generate a positive pulse or a negative pulse. 

At step 316. the microprocessor addresses "+/- 
select" 213 to choose a positive pulse. Multiplexer 214 
selects the signal flow to either produce a pulse with a 
selected time duration or a pulse which terminates 
when a selected decay voltage is detected on the defi- 



75 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP0 491 649 B1 



6 



brillator capacitor 200 At step 316, the microprocessor 
addresses "timervoltage select" 215 to choose a pulse 
which terminates when a selected decay voltage is 
detected. 

The positive pulse is started by the microprocessor 
at step 318 by addressing Trailing voltage select" 222 
and setting the selected trailing edge voltage to 200 
volts. Since the voltage on the defibrillator capacitor 200 
is at 500 volts, the output 221 of the trailing voltage 
detector 220 goes high. This signal 221 goes through 
multiplexer 214 to line 223, through multiplexer 212 to 
the positive pulse input 225 of the biphasic output stage 
240 which generates a positive defibrillation output as 
long as positive pulse input 225 is asserted. 

Once the positive pulse is started, the voltage on 
the defibrillator capacitor starts to decline as current 
flews into the patient's heart 290. Trailing voltage detec- 
tor 220 maintains signal 221 high until the voltage on 
the del brillator capacitor 200 has decayed to less than 
the trailing voltage selected by address 222. In this 
example, when the capacitor voltage decays to 200 
volts, the trailing voltage detector 220 responds by forc- 
ing its output 221 low. This signal goes through multi- 
plexer 214, line 223, and Trailing voltage detect 222 to 
the positive pulse input control 225 of the biphasic out- 
put stage 240. terminating the positive pulse. 

While the positive pulse is being generated, the 
microprocessor waits in a polling loop for the pulse to 
end. The microprocessor reads "EOP" at step 320. 
"EOP" is the "end-of-pulse" signal and is the same as 
line 223 discussed above. As long as the puise is being 
generated, "EOP" is high; when the pulse is over, "EOP" 
goes low. Having read "EOP" at step 320, the micro- 
processor checks to see if the puise is over at step 322. 
If the pulse is not over, the microprocessor loops back to 
step 320. When the positive pulse ends, the microproc- 
essor sets up the defibrillator system to produce the 
negative pulse. 

At step 324. the microprocessor addresses the "+/- 
select" 213 multiplexer 212 to select a negative pulse. 
The negative pulse is started by the microprocessor at 
step 326 by addressing Trailing voltage select" 222 and 
setting the selected trailing edge voltage to 100 volts (in 
this example). Since the voltage on the defibrillator 
capacitor 200 is at 200 volts, the output 221 of the trail- 
ing voltage detector 220 goes high. This signal 221 
goes through multiplexer 214 to line 223. through multi- 
plexer 212 to the negative puise input 226 of the bipha- 
sic output stage 240 which generates a negative 
defibrillation output as long as negative pulse input 226 
is asserted. 

Once the negative pulse is started, the voltage on 
the defibrillator capacitor 200 starts to decay again as 
current flows into the patient's heart 290. Trailing volt- 
age detector 220 maintains signal 221 high until the 
voltage on the defibrillator capacitor 200 has decayed to 
less than the trailing voltage selected by address 222. In 
this example, when the capacitor voltage decays to 100 
volts, the trailing voltage detector 220 responds by forc- 



ing its output 221 low. This signal goes through multi- 
plexer 214 to line 223 and Trailing voltage select 222 to 
the negative pulse input control 226 of the biphasic out- 
put stage 240, terminating the negative pulse. 

5 While the negative pulse is being generated, the 
microprocessor waits in a polling loop for the pulse to 
end. The microprocessor reads "EOP" at step 330. As 
long as the pulse is being generated, "EOP" is high; 
when the pulse is over. "EOP" goes low. Having read 

10 "EOP" at step 330, the microprocessor checks to see if 
the pulse is over at 332. If the pulse is not over, then the 
microprocessor loops back to step 330. When the neg- 
ative pulse ends, the microprocessor exits the program 
flow at step 390. 

is Rg. 4 is a f tow diagram that will be used in conjunc- 
tion with the Fig. 2 block diagram to describe how a 
biphasic waveform having a positive pulse of selected 
constant tilt and a negative pulse duration related to the 
positive pulse duration can be generated. Generation of 

20 the positive pulse is accomplished in the same manner 
as described above in conjunction with Rg. 3, but is 
repeated here for completeness. 

At step 400, the microprocessor decides that a defi- 
brillation output is necessary. Before a pulse can be 

25 delivered, however, energy must be stored on the defi- 
brillation capacitor 200, which typically has a value of 
about 150 microfarads. At step 410. the microprocessor 
addresses the high voltage converter 210 to command 
it to start charging the defibrillation capacitor 200 to the 

30 selected initial voltage (address "select HV" 212). 

At step 412, the microprocessor starts a polling 
loop by reading "EOC" 214. "EOC" is the end-of-convert 
signal from the high voltage converter 210 and signifies 
that the converter has finished charging the capacitor 

35 200 to the selected voltage. After reading "EOC" at step 
412. the microprocessor determines if the high voltage 
is ready at 414. 

If the high voltage is not ready, then the microproc- 
essor loops back to step 412. In some implementations. 

*o it may be desirable for the microprocessor to attend to 
other tasks or to be disabled for periods to conserve 
current during polling loops. If, at step 414. the micro- 
processor finds that the defibrillator capacitor 200 is 
charged to the selected initial voltage, then the defibril- 

45 lator system is prepared for delivery of a positive pulse. 
The pulse width is determined by the length of time 
required for the defibrillator capacitor to decay to a 
selected decay voltage. If, in this illustrative example, 
the selected peak voltage is 500 volts, then 200 volts 

so would be a reasonable target voltage for the trailing 
edge voltage of the positive pulse to assure an effective 
negative phase. 

At step 416. the microprocessor manipulates the 
controls of two multiplexers to set the output stage to 

55 terminate the pulse when the selected trailing edge is 
detected on the defibrillation capacitor 200. 

Multiplexer 212 selects the signal f tow to either gen- 
erate a positive pulse or a negative pulse. At step 416, 
the microprocessor addresses Vselect" 213 to choose 
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a positive pulse. Multiplexer 214 selects the signal flow 
to either produce a pulse with a timed duration or a 
pulse which terminates when a selected decay voltage 
is detected on the defibrillator capacitor 200. At step 
416. the microprocessor addresses "time/voltage 
select" 215 to choose a pulse which terminates when a 
selected decay voltage is detected. 

The positive pulse is started by the microprocessor 
at step 418 by addressing Trailing voltage select" 222 
and setting the selected trailing edge voltage to 200 
volts (in this example). Since the voltage on the defibril- 
lator capacitor 200 is at 500 volts, the output 221 of the 
trailing voltage detector 220 goes high. This signal 221 
goes through multiplexer 214 to line 223 and through 
multiplexer 212 to the positive pulse input 225 of the 
biphasic output stage 240 which generates a positive 
defoliation output as long as positive pulse input 225 
is asserted. 

Once the positive pulse is started, the voltage on 
the defibrillator capacitor starts to decline as current 
flows into the patient's heart 290. Trailing voltage detec- 
tor 220 maintains signal 221 high until the voltage on 
the defibrillator capacitor 200 has decayed to less than 
the trailing voltage selected by address 222. In this 
example, when the capacitor voltage decays to 200 
volts, the trailing voltage detector 220 responds by forc- 
ing its output 221 low. This signal goes through 214, 
223. and 222 to the positive pulse input control 225 of 
the biphasic output stage 240. terminating the positive 
pulse. 

While the positive pulse is being generated, the 
microprocessor waits in a polling loop for the pulse to 
end. The microprocessor reads "EOP" at step 420. 
"EOP" is the end-of-pulse signal and is the same as line 
223 discussed above. As long as the pulse is being gen- 
erated. "EOP" is high; when the-pulse is over "EOP" 
goes low. Having read "EOP" at step 420. the micro- 
processor checks to see if the pulse is over at step 422. 
If the pulse is not over, then the microprocessor loops 
back to step 420. When the positive pulse ends, the 
microprocessor sets up the hardware to produce the 
negative pulse which is to have a duration related to the 
positive pulse (in this example, the negative pulse will 
be set equal in duration to the positive pulse). 

Since the positive phase pulse was terminated by 
the capacitor 200 reaching a selected decay voltage 
(200 volts in this example), the pulse duration is 
dependant upon the impedance of the patient's heart. 
For example, a comparatively low impedance of 25 
ohms would result in a shorter pulse duration of about 
3.4 milliseconds (for a 150 microfarad capacitor 200), 
while a 50 of patient impedance would result in a pulse 
duration of 6.8 milliseconds. 

Once the positive pulse is over, at step 430 the 
microprocessor addresses the pulse width counter 230 
(address "pulse width read" 232) to determine the posi- 
tive phase pulse duration. The pulse width counter 230 
measures the duration of "EOP" 223. Thus, the address 
"pulse width read" 232 contains the duration of the pos- 



itive pulse. The microprocessor stores the duration of 
the positive pulse width for future use. 

At step 432. the microprocessor manipulates the 
controls of two multiplexers 212 and 214 to set the out- 
s put stage to produce a negative pulse with a timed dura- 
tion. Multiplexer 212 selects the signal flow to either 
generate a positive pulse or a negative pulse. At step 
432. the microprocessor addresses "WseiecT 213 to 
choose a negative pulse. Multiplexer 214 selects the 
w signal flow to either produce a pulse with a timed dura- 
tion or a pulse which terminates when a selected decay 
voltage is detected on the defibrillator capacitor 200. At 
step 432 the microprocessor addresses lime/voltage 
select" 21 5 to choose a pulse with a timed duration. 
75 The negative pulse is started by the microprocessor 
at step 434 by writing to the pulse width timer 250 
address "pulse width select" 252) The pulse width timer 
produces a pulse of a duration which the microproces- 
sor sets by writing a value to address "pulse width 
20 select" 252. In this example, the microprocessor makes 
the duration of the negative phase the same as the 
duration of the positive phase. To do this, the microproc- 
essor writes into the pulse width timer 250 the value of 
the positive phase duration which it read from "pulse 
25 width read" 232 and stored. If the microprocessor was 
to make the negative phase twice the duration of the 
positive phase, then the microprocessor would multiply 
by two the positive phase duration (which it read from 
"pulse width read" 232 and stored) before writing it into 
30 the pulse width timer 250. As should be clear, the nega- 
tive phase duration can be made related in any mathe- 
matical way to the positive phase duration by 
manipulating the data representation of the positive 
phase duration read from "pulse width read" 232. 
35 By writing to the pulse width timer 252, at step 434, 
the microprocessor starts the negative pulse. The pulse 
width timer 250 produces a pulse the duration of which 
is set by the data the microprocessor wrote to address 
"pulse width select" 252 (which is equal to the positive 
40 pulse duration read from address "pulse width read" 
232 in this example). The pulse from the pulse width 
timer 250 passes through multiplexer 214 and multi- 
plexer 21 2 to the negative pulse input 226 of the bipha- 
sic output stage 240. The biphasic output stage 240 
45 applies the negative phase output to the heart 290 for 
as long as its input 226 is asserted. 

While the negative pulse is being generated, the 
microprocessor waits in a polling loop for the pulse to 
end. The microprocessor reads "EOP" at step 440. As 
so long as the pulse is being generated. "EOP" is high; 
when the pulse is over. "EOP" goes low. Having read 
"EOP" at step 440, the microprocessor checks to see if 
the pulse is over at step 442. If the pulse is not over, 
then the microprocessor loops back to step 440. When 
55 the negative pulse ends, the microprocessor exits the 
program flow at step 490. 

As should be apparent, many combinations of 
selected constant tilt and selected constant duration (or 
related duration) multiphasic waveforms can be pro- 
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duced under microprocessor control using the appara- 
tus disclosed above. 

Thus, it should be understood that various alterna- 
tives to the embodiments of the invention described 
herein may be employed in practicing the invention. It is 
intended that the following claims define the scope of 
the invention and that methods and apparatus within the 
scope of these claims and their equivalents to covered 
thereby. 

Claims 

1 . An implantable medical device utilizable for deliver- 
ing a biphasic def forillation waveform to a heart, the 
medical device comprising: 

(aO) defibrillation electrode means adapted to 
be connected to the heart; 

(a) charge storage means (200) ; and 

(b) charging means (210) for charging the stor- 
age means to an initial selected voltage (212); 

characterized by 

(c) control means (220,225) for initiating deliv- 
ery of a first def formation pulse of a first polarity 
to the defibrillation electrode means when the 
storage means (200) stores the initial selected 
voltage (212); 

(d) trailing voltage detector means (220) for 
monitoring the decay of the voltage of the 
charge storage means (200) during delivery of 
the first defibrillation pulse; 

(e) means for generating a second pulse of a 
second polarity, and 

(f) programmable disable means (220,225) for 
terminating the first defforillation pulse when 
the voltage of the charge storage means (200) 
decays to a programmed decay voltage (222); 
whereby the biphasic defibrillation pulse is con- 
figurable. 
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4. The implantable medical device as in daim 1 
wherein the control means includes means 
(220.226) for initiating delivery of a second deffcril- 
lation pulse of a second polarity to the heart when 
the voltage of the charge storage means (200) 
decays to the programmed decay voltage and fur- 
ther comprising: 

(a) timer means (250) for measuring the dura- 
tion of the first defibrillation pulse; and 

(b) means (220,226) for delivering a second 
defibrillation pulse of a second polarity to the 
heart, the second defforillation pulse having a 
duration corresponding to the duration of the 
first defibrillation pulse. 

5. The implantable medical device as in daim 4 
wherein the duration of the second defibrillation 
pulse is programmable. 

Patentanspruche 



2. The implantable medical device as in claim 1 
wherein the control means includes means 
(220,226) for initiating delivery of said second defi- 
brillation pulse of said second polarity to the heart 
when the voltage of the charge storage means 
(200) decays to the programmed decay voltage and 
the trailing voltage detector means (220) includes 
means for monitoring the decay of the voltage of the 
charge storage means from the programmed decay 
voltage to a final decay voltage during delivery of 
the second defibrillation pulse, and the disable 
means includes means (220,226) for terminating 
the second defibrillation pulse when the voltage of 
the charge storage means (200) decays to the final 
decay voltage. 

3. The implantable medical device as in claim 2 
wherein the final decay voltage is programmable. 



1. Implantierbare medizinische Vorrichtung. die ver- 
wendbar ist urn einem Herzen eine biphasige Deft- 
25 brillationsweilenform zu liefern, wobei die 
medizinische Vorrichtung aufweist: 

(aO) eine Defibrillationselektrodeneinrichtung, 
die dafur ausgebildet ist. mit dem Herz verbun- 
30 den zu werden; 

(a) eine Ladungsspeichereinrichtung (200); 
und 

(b) eine Aufladeeinrichtung (210) zum Auf la- 
den der Speichereinrichtung auf eine ausge- 

35 wfthlte Anfangsspannung (21 2) ; 

gekennzeichnet durch 

(c) eine Steuereinrichtung (220. 225) zum Ein- 
teiten der Abgabe eines ersten Defibrillations- 
impulses mit einer ersten Polarrtat an die 

40 DefibrillationseleWrodeneinrichtung, wenn die 

Speichereinrichtung (200) die ausgewahlte 
Anfangsspannung (212) speichert; 

(d) eine Hinterflankenspannungsdetekto- 
reinrichtung (220) zum Uberwachen des 

45 AbWingens der Spannung der Ladungsspei- 

chereinrichtung (200) wahrend der Abgabe 
des ersten Defibrillationsimpuises; 

(e) eine Einrichtung zum Erzeugen eines zwei- 
ten Impulses mit einer zwerten Polaritat; und 

so (f) eine programmierbare Sperreinrichtung 

(220. 225) zum Beendigen des ersten Defibril- 
lationsimpuises. wenn die Spannung der 
Ladungsspeichereinrichtung (200) auf eine 
programmierte AbWingspannung (222) 
55 abklingt. wodurch der biphasige Defibrillations- 

impuls konfigurierbar ist. 



2. Implantierbare medizinische Vorrichtung nach 
Anspruch 1 , wobei die Steuereinrichtung eine Ein- 
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richtung (220, 226) aufweist zum Einleiten der 
Abgabe des zwerten Def brillationsimpulses mit der 
zweiten Polar rtat an das Herz. wenn die Spannung 
der Ladungsspeichereinrichtung (200) auf die Pro- 
grammierte AbWingspannung abWingt, wobei die 5 
Hirterflankenspanrwngsdetekloreinricr^ (220) 
eine Einrichtung aufweist zum Uberwachen des 
AbWingens der Spannung der Ladungsspeicherein- 
richtung von der programmierten AbWingspannung 
aus auf eine endguitige AbWingspannung wdhrend w 
der Abgabe des zwerten Defibrillationsimpulses, 
und wobei die Sperreinrichtung eine Einrichtung 
(220. 226) aufweist zum Beendigen des zweiten 
Defibrillationsimpulses, wenn die Spannung der 
Ladungsspeichereinrichtung (200) auf die endgOl- 15 
tige AbWingspannung abWingt 

3. Implantierbare medizinische Vonichtung nach 
Anspruch 2, wobei die endguitige AbWingspannung 
programmierbar 1st. 20 

4. Implantierbare medizinische Vorrichtung nach 
Anspruch 1, wobei die Steuereinrichtung eine Ein- 
richtung (220. 226) aufweist zum Einleiten der 
Abgabe eines zwerten Defibrillationsimpulses mit 25 
einer zweiten Polaritat an das Herz. wenn die Span- 
nung der Ladungsspeichereinrichtung (200) auf die 
programmierte AbWingspannung abWingt und wet- 
ter mit: 

30 

(a) einer Zeitgebereinrichtung (250) zum Mes- 
sen der Dauer des ersten Defibrillationsimpul- 
ses; und 

(b) einer Einrichtung (220. 226) zum Abgeben 
eines zweiten Defibrillationsimpulses mit einer 35 
zweiten Polarrtat an das Herz, wobei der zweite 
Defibrillationsimpuls eine Dauer hat. die der 
Dauer des ersten Defibrillationsimpulses ent- 
spricht 

40 

5. Implantierbare medizinische Vorrichtung nach 
Anspruch 4. wobei die Dauer des zweiten Def brilla- 
tionsimpulses programmierbar ist. 

Revendications 45 

1 . Disposrtif medical implantable, utilisable pour appli- 
quer une forme d'onde de defibrillation biphas6e k 
un coeur. comprenant : 

50 

(ao) un moyen & Electrodes de defibrillation 
adapte de manifcre e fitre connecte au coeur ; 

(a) un moyen de stockage d une charge (200). 

et 55 

(b) un moyen de charge (210) pour charger le 
moyen de stockage £ une tension inrtiale s6lec- 



tionn6e (212) ; 

caracterise en ce qu'il oomprend : 

(c) des moyens de commande (220. 225) pour 
amorcer ('application d'une premiere impulsion 
de defibrillation, d'une premiere polarite. au 
moyen a electrodes de defibrillation, lorsque le 
moyen de stockage (200) stocks la tension ini- 
tiate seiectionnee (212) ; 

(d) un detecteur de tension de front arri&re 
(220) pour surveiller la decroissance de la ten- 
sion du moyen de stockage d'une charge (200) 
pendant la production de la premiere impulsion 
de la defibrillation ; 

(e) un moyen pour produire une seconde 
impulsion d'une seconde polarite ; et 

(f) des moyens ^inhibition programmables 
(220. 225) pour terminer la premiere impulsion 
de defibrillation lorsque la tension du moyen de 
stockage d'une charge decroTt jusqu'& une ten- 
sion de chute programmee (222). de telle fapon 
que 1'impulsion de defibrillation biphasee ait 
une configuration adaptable. 

2. Disposrtif medical implantable suivant la revendica- 
tion 1 caracterise en ce que les moyens de com- 
mande component un moyen (220. 226) pour 
amorcer lapplication au coeur de la seconde impul- 
sion de defibrillation, ayant la seconde polarite. 
lorsque la tension du moyen de stockage (200) 
diminue jusqu'& la tension de chute programmee. et 
le detecteur de tension de front arriere (220) com- 
porte un moyen pour surveiller la diminution de la 
tension du moyen de stockage d une charge & partir 
de la tension de chute programmee jusqu'e une 
tension de chute finale pendant Implication de la 
seconde impulsion de defibrillation, et les moyens 
d'inhibition component un moyen (220. 226) pour 
terminer la seconde impulsion de defibrillation lors- 
que la tension du moyen de stockage d une charge 
diminue jusqu'a la tension de chute finale. 

3. Dispositif medical implantable suivant la revendica- 
tion 2 caract6ris6 en ce que la tension ae chute 
finale est programmable. 

4. Dispositrf medical implantable suivant la revendica- 
tion 1 caracterise en ce ce que les moyens de com- 
mande component un moyen (220. 226) pour 
amorcer I'application au coeur d'une seconde 
impulsion de defibrillation, ayant une seconde pola- 
rite. lorsque la tension du moyen de stockage (200) 
diminue jusqu'e la tension de chute programmee et 
en ce qu'il comprend en outre : 
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(a) une minuterie (250) pour mesurer ta dur6e 
de la premiere impulsion de d6f briilation ; et 

(b) un moyen (220. 226) pour appliquer au 
coeur une seconde impulsion de d6f briilation s 
ayant une seconde polarite. la seconde impul- 
sion de d6f briilation ayant une dur6e corres- 
pondent d la dur6e de la premiere impulsion de 
defibrillation 

n 

Disposrtif medical implantable suivant la revendica- 
tion 4 caract6ris6 en ce que la dur6e de la seconde 
impulsion de d6f briilation est programmable. 
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